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Crystalline cephem acid addition salts and processes for 
their preparation 

Crystalline cephem acid addition salts of the general 
formula II 



N-OH 





o I (II) 

CO-CHOCC (CH-j ) - 

I 0 
CH 3 

pharmaceutical preparations effective against bacterial 
infections which contain such cephem derivatives , proces- 
ses for the preparation of the cephem derivatives and the 
pharmaceutical preparations, and the use of the cephem 
derivatives for combating bacterial infections . 
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Description 



Crystalline cephem acid addition salts and processes for 
their preparation 

The invention relates to crystalline, enterally absorb- 
able salts of a-(2,2-dim££hylpropanoyloxy)ethyl 7-[2-(2- 
aminothiazol-4-yl ) -2- (Z ) -hydroxyimino-acetamido ] -3- 
methoxymethyl-3-cephem-4^o^boxylate of the formula I 

N-OH 



(i) 



I o 
CH 

and a process for their preparation. 



CO^CHOCC(CH^) 
2 , u * J 



CH 3 



Many clinically relevant cephalosporins having a broad 
antimicrobial spectrum have already been developed. 
However, most are only suitable for parenteral adminis- 
tration, as they are only absorbed very inadequately, if 
at all after oral administration. In many cases it is 
desirable, however, to give highly active antibiotics to 
the patient in oral form. This form of therapy is simpler 
and considerably lowers the costs of the treatment. 



In some cases it is possible to increase the absorption 
of a cephalosporin in the gastrointestinal tract by 
esterif ication of the 4-carboxyl group. Since the cepha- 
losporin esters as a rule have no antibiotic activity per 
se, the ester components must be chosen so that, after 
absorption, the ester is split back again rapidly and 
completely to the cephalosporin having a free carboxyl 
group by enzymes specific to the body, such as esterases. 

In German Patent Applications P 3,804,841 and 
P 3,809,561, a number of esters of 7-[2-( 2-aminothiazol- 
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4-yl ) - 2- ( Z ) -hydroxyimino-acetamido] -3-methoxymethyl- 
3-cephem-4-carboxylic acid are described which are 
readily absorbed enterally in different animal species. 
Of the esters described in German Patent Application 
5 P 3,804,841, it has been found that the ester of the 
formula I is of particular interest. 

This ester has an asymmetric carbon atom in the 
1-position of the 1-pivaloyl group and can therefore 
exist in the form of R- and S-isomers or mixtures 
10 thereof. The processes for the preparation of the ester 
of the formula 1 which are described in the German Patent 
Application P 3,804,841 produce the material in amorphous 
form. The two diastereomers have the same absorption. 

Attempts to crystallize I from the customary organic 
15 solvents led to losses. In addition, the ratio of the two 
diastereomers, which have different solubilities, is 
shifted in the crystallization step. 

In the light of the weak basicity of the amino group, the 
preparation of a salt of I is only successful if the 

20 ester of the formula I is reacted with strong acids. The 
processes for the preparation* of crystalline salts of all 
types of cephalosporin esters described in the patent 
literature and other literature did not lead to the 
desired result when used on the above compound. Thus, for 

25 example, the preparation of a hydrochloride, sulfate or 
phosphate led only to an amorphous product. 

It was therefore surprising that, according to the 
invention, crystalline products were obtained. 

The preparation of a crystalline ester or a crystalline 
30 salt which contains both isomers in an approximately 1:1 
ratio is, however, very worthy of effort. An operation of 
this type leads to an improvement in the purity, and to 
improved stability of the labile 0-lactam esters. The 
purity can be determined from physicochemical parameters, 
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such as, for example, high melting point, solubility, 
stability, and a3/a2 isomerization of the double bond. It 
is also possible in this way to obtain products of 
defined or reproducible composition in the cases in which 
solvents or other substances used in the salt preparation 
are incorporated or absorbed in the crystal lattice* 

The invention relates to crystalline, stoichiometric and 
enterally absorbable salts of the general formula II 

N-OH 



in which R stands for hydrogen or Ci-C^alkyl and the 
group =N- OH is in the syn-position. 

If R has the meaning of C 1 -C 4 -alkyl, it can stand, for 
example, for methyl, ethyl, propyl, isopropyl, butyl, 
isobutyl or tert. -butyl. The meanings of hydrogen, methyl 
or ethyl are preferred for R, in particular of methyl or 
ethyl. R can be in the ortho, meta or para position, but 
preferably in the para position. Preferred acid addition 
salts are the benzenesulfonate, toluenesulfonate or 
p-ethylbenzenesulf onate . 

The invention furthermore relates to a process for the 
preparation of compounds of the general formula II, which 
comprises reacting amorphous material of the formula I 
with acids of the general formula III 



in which R has the above meaning, in an organic solvent 
and, if necessary, adding another organic solvent or 
water to this solution in order to initiate and/or 
complete the crystallization. 




(II) 




(III) 
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The acid component can be used in a small excess, prefer- 
ably 1-1.5 equivalents relative to the ester of the 
formula I. 

The choice of the solvent proves to be significant. In 
order to obtain an approximately 1:1 ratio of the two 
diastereomers, a solvent system must be chosen which 
ensures a virtually quantitative recovery of the salts. 

Suitable solvents for the reaction are organic solvents 
immiscible with water such as, for example, ethyl ace- 
tate, n-butyl acetate or tert. -butyl acetate, but prefer- 
ably those which, with respect to a later possibly 
necessary addition of water - are miscible with water. 

Suitable organic, water-miscible solvents are, for 
example, C^-alcohols , such as, for example, methanol, 
ethanol, isopropanol, propanol, butanol, 2 -butanol, 
isobutanol, tert. -butanol, acetone, tetrahydrofuran or 
mixtures of these. Ethanol, propanol and acetone are 
particularly preferred. In order to complete the crystal- 
lization, a water-immiscible solvent such as, for exam- 
ple, n-hexane, toluene, diethyl ether or diisopropyl 
ether can be added to the suspension of the crystals in 
a mixture of water and the water-miscible solvent. An 
addition of solvent of this type is naturally also 
possible if the reaction has been carried out in a water- 
immiscible organic solvent. 

In the water addition preferred according to the inven- 
tion, the total amount of the added water is, for 
example, up to about 20-fold of the volume of the organic 
solution, but it can also be substantially higher. 

The combination of the organic solution with the water or 
with another organic solvent is carried out slowly, for 
example dropwise, at such a rate that a good crystal- 
Unity of the product is achieved. 
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The crystallization is preferably carried out at room 
temperature. However , good results are also obtained at 
temperatures of, for example, 0 to 40 °C. A subsequent 
stirring time of up to about 3 hours or more completes 
5 the crystallization. 

The crystalline salts of the formula II thus obtained are 
separated off by customary laboratory methods, such as, 
for example, filtration, and freed from adhering solvent 
under a low vacuum. 

10 If the crystals obtained by filtration are subjected to 
a high vacuum (<1 mm Hg), both organic solvent and water 
are removed, particularly in the presence of a drying 
agent such as, for example, concentrated sulfuric acid, 
phosphoric anhydride, and also caustic alkali or caustic 

15 soda, as well as silica gel. 

Stability investigations carried out with the crystalline 
salts of the formula II show a substantial improvement in 
stability compared to the base I. 

Tests on various animal species have shown that the salts 
20 are also excellently enterally absorbed. 

The compounds of the general formula II according to the 
invention are administered orally in the form of custo- 
mary pharmaceutical preparations, such as, for example, 
capsules, tablets, powders, syrups or suspensions. The 

25 dose depends on the age, the symptoms and the body weight 
of the patient and on the duration of the treatment. 
However, as a rule it is between about 0.2 g and about 
5 g daily, preferably between about 0.5 g and about 3 g 
daily. The compounds are preferably administered in 

30 divided doses, for example 2 to 4 times daily, where the 
individual dose may contain, for example between 50 and 
500 mg of active compound. 



The oral preparations may contain the customary excipi- 
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ents and/or diluents. Thus, for example, binders, such 
as, for example, gelatin, sorbitol, polyvinylpyrrolidone 
or carboxymethylcellulose, diluents, such as, for exam- 
ple, lactose, sugar, starch, calcium phosphate or poly- 
ethylene glycol and lubricants, such as, for example, 
talc or magnesium stearate are suitable for capsules or 
tablets, and, for example, aqueous or oily suspensions, 
syrups or similar known preparation forms are suitable 
for liquid preparations. 

The following working examples for salts of the compound 
of the formula I, a-(2,2-dimethylpropanoyloxy)ethyl 7- [2- 
( 2-aminothiazol-4-yl ) -2- ( Z ) -hydroxyimino-acetamido] -3- 
methoxymethyl-3-cephem-4-carboxylate, which can be 
prepared according to the invention, serve to illustrate 
the invention further, without limiting it thereto. 

Working Examples 
Working Example 1 

a- ( 2 , 2-Dimethylpropanoyloxy ) ethyl 7- [ 2- ( 2-aminothiazol- 
4-yl ) -2- ( Z ) -hydroxyimino-acetamido] -3-methoxymethyl-3- 
cephem-4 -carboxylate benzenesulf onate 

A solution of 0.44 g (1 eg.) of benzenesulf onic acid in 
9 ml of ethyl acetate was added dropwise to a solution of 
1.5 g (2.77 mmol) of a-(2,2-dimethylpropanoyloxy)ethyl 
7- [ 2- ( 2-aminothiazol-4-yl ) -2- ( Z ) -hydroxyimino-acetamido] - 
3-methoxymethyl-3-cephem-4 -carboxylate in 21 ml of ethyl 
acetate. After crystallization began, the mixture was 
stirred for a further 30 minutes, and the crystals were 
filtered off with suction and washed with a little 
diethyl ether. After drying over CaCl 2 /paraf fin in vacuo, 
1.4 g of the desired title compound were obtained, which 
was identified as crystalline material under the polari- 
zation microscope and consisted of an approximately 1:1 
mixture of the two diastereomers according to HPLC. 
M.p.: from 198°C (with decomposition). 
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*H NMR (270 MHz, DMSO-d 6 ) : S (ppm) = 1.15 (9H, 2xs f 
tert. butyl), 1.48 (1H, dd, CH(CH 3 )), 3.2 (3H, 2xs, 
OCH 3 ), 3.47-3.7 (2H, 2 x dd, S-CH 2 ) , 4.13 (2H, bs, 
3'-CH 2 ), 5.21 (1H, 2 x d, J = 6Hz, 6-H), 5.83 (1H, 2 x dd, 
5 J - 6HZ, 7-H), 6.8 (1H, 2xs, thiazole-H) , 6.9 (1H, dq, 
CH-CH 3 ), 7.3 (3H, m, arom. H) , 7.6 (2H, m, arom. H) , 9.65 
(1H, d, NH), 12.05 (1H, bs, oxime-H) . 

Elemental analysis 

C 27 H 32 N s O n S 3 calc. C 46.3 H 4.8 N 10.0 O 25.1 S 13.8 
10 (699.78) found C 46.3 H 4.8 N 10.1 0 25.3 S 13.5 

Working Example 2 

a- ( 2 , 2-Dimethylpropanoyloxy ) ethyl 7- [2- ( 2-aminothiazol- 
4-yl ) -2- ( Z ) -hydroxyimino-acetamido ] -3-methoxymethyl-3- 
cephem- 4 -carboxylate toluenesul f onate 

15 A solution of 570 mg (3 mmol) of p-toluenesulfonic acid 
in 1 ml of acetone was added to a solution of 1.08 g 
(2 mmol) of o-(2,2-dimethylpropanoyloxy)ethyl 7-[2-(2- 
aminothiazol-4-yl ) -2- ( Z ) -hydroxyimino-acetamido ] -3- 
methoxymethyl- 3 -cephem- 4 -carboxylate in 3 ml of acetone. 

20 28 ml of water was then slowly added dropwise with 
stirring to the rapidly forming crystal suspension. The 
crystalline precipitate was then filtered off with 
suction, washed eight times with 3 ml of water and dried 
in vacuo over calcium chloride/paraffin. 1.08 g of the 

25 desired title compound were obtained, which consisted of 
an approximately 1:1 mixture of the two diastereomers 
according to HPLC and was characterized as crystalline 
under the polarization microscope. 
M.p.: from 190"C (with decomposition). 

30 l H NMR (270 MHz, DMSO-d 6 ) ; S (ppm) - 1.15 (9H, 2xs, 

tert. -butyl), 1.47 (1H, dd, CH-CH 3 ), 2.3 (3H, s, CH 3 on 
the aromatic ring), 3.2 (3H, 2 x s, OCH 3 ), 3.47-3.7 (2H, 
2 x dd, S-CH 2 ), 4.13 (2H, bs, CH 2 -OCH 3 ), 5.23 (1H, 2 x d, 
J = 6Hz, 6-H), 5.83 (1H, 2 x dd, J = 6HZ, 7-H), 6.83 (1H, 

35 2 x s, thiazole-H), 6.9 (1H, dq, CH-CH 3 ), 7.1 and 7.5 (4H, 
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d, arom. H), 9.68 (1H, d, NH), 12.08 (1H, bs, oxime-H) . 
Elemental analysis 

C 28 H 36 N 5 O n S 3 calc. C 47.1 H 4.9 N 9.8 0 24.7 S 13.5 
(713.80) found C 47.4 H 4.9 N 10.0 0 24.4 S 13.1 

Working Example 3 

a- ( 2 , 2-Dimethylpropanoyloxy ) ethyl 7- [ 2- ( 2-aminothiazol- 
4-yl ) -2- ( Z ) -hydroxy imino-acetamido ] -3-methoxymethyl-3- 
cephem-4-carboxylate p-ethylbenzenesulfonate 

A solution of 664 mg of p-ethylbenzenesulfonic acid 
(3 nunol) in 1 ml of acetone was added to a solution of 
1.08 g (2 mmol) of «-(2,2-dimethylpropanoyloxy)ethyl 7- 
[ 2- ( 2-aminothiazol-4-yl ) -2- ( Z ) -hydroxy imino-acetamido ] - 
3-methoxymethyl-3-cephem-4-carboxylate in 3 ml of acetone 
and 28 ml of water was then added slowly with stirring. 
After addition was complete, the mixture was seeded and 
stirred for 15 minutes. The crystalline precipitate was 
filtered off with suction, washed eight times with 3 ml 
of water each time and dried in vacuo over calcium 
chloride/paraffin. 1.28 g of the desired title compound 
was obtained, which consisted of an approximately 1:1 
mixture of the two isomers according to HPLC and was 
characterized as crystalline under the polarization 
microscope . 

M.p.: from 170°C (with decomposition). 

*H NMR (270 MHz, DMSO-d 6 ) : $ (ppm) = i. 15 (9H , 2 x s, 
tert. -butyl), 1.17 (3H, t, CH 3 CH 2 -), 1.5 (3H, dd, CH-CH 3 ), 
2.6 (2H, q, CH 3 -CH 2 -), 3.2 (3H, 2xs, OCH 3 ) , 3.47-3.7 
(2H, 2 x dd, S-CH 2 ), 4.13 (2H, d, CH 2 OCH 3 ), 5.23 (1H, 
2 x d, J = 6Hz, 6-H), 5.83 (1H, 2 x dd, J= 6Hz, 6-H), 
5.83 (1H, 2 x dd, J - 6HZ, 7-H) , 6.83 (1H, 2 x s, 
thiazole-H), 6.9 (1H, dq, CH-CH 3 ) , 7.15 and 7.51 (4H, d, 
arom. H), 9.67 (1H, d, NH), 12.05 (1H, bs, oxime-H) . , 

Elemental analysis 

C 29 H 37 N 5 O u S 3 calc. C 47.9 H 5.1 N 9.6 0 24.2 S 13.2 
(727.86) found C 47.6 H 5.2 N 9.8 0 24.0 S 13.3 
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Working example 4 

a- ( 2 , 2-dimethylpropanoyloxy ) ethyl 7- [ 2- ( 2-aminothiazol- 
4-yl ) -2- ( Z ) -hydroxyimino-acetamido ] -3-methoxymethyl-3- 
cephem-4-carboxylate toluenesulf onate . 

5 A solution of 2.1 g (11 mmol) of p-toluenesulfonic acid 
in 5 ml of ethanol was added dropwise to a solution of 
5 g (9.3 mmol) of a- (2, 2-dimethylpropanoyloxy) ethyl 7- [2- 
( 2-aminothiazol-4-yl ) -2- ( Z ) -hydroxyimino-acetamido ] -3- 
methoxymethyl-3-cephem-4-carboxylate in 32 ml of ethanol. 

10 After stirring at room temperature for 30 minutes, a 
total of 280 ml of diisopropyl ether were added to the 
crystal magma formed and the mixture was briefly stirred. 
The precipitate formed was then filtered off with suction 
and washed with a little diisopropyl ether , and the residue 

15 was dried in vacuo over calcium chloride/paraffin. 5.4 g 
of the desired crystalline title compound were obtained, 
which consisted of an approximately 1:1 mixture of the 
two diastereomers according to HPLC and was identical in 
its physical and chemical properties with the product 

20 from working example 2. 

m.p.: from 190°C (with decomposition). 
Working example 5 

a- ( 2 , 2-dimethylpropanoyloxy ) ethyl 7- [ 2- ( 2-aminothiazol- 
4-yl ) -2 - ( Z ) -hydroxyimino-acetamido ] -3-methoxymethyl-3- 
25 cephem-4-carboxylate toluenesulf onate 

A solution of 1.8 g (15 mmol) of p-toluenesulfonic acid 
in 5 ml of acetone was added dropwise to a solution of 
5 g (9.3 mmol) of a-(2, 2-dimethylpropanoyloxy) ethyl 7- [2- 
( 2-aminothiazol-4-yl ) -2- ( Z ) -hydroxyimino-acetamido ] -3- 
30 methoxymethyl-3-cephem-4-carboxylate in 35 ml of acetone. 

After stirring briefly, a thick precipitate formed. After 
stirring for 15 minutes, a total of 185 ml of diisopropyl 
ether were slowly added dropwise to complete crystalliza- 
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tion and the mixture was stirred for a short time. The 
precipitate was then filtered off with suction, washed 
with a little diisopropyl ether and dried in vacuo over 
calcium chloride/paraffin. 5.9 g of crystalline title 
compound were obtained, which consisted of an approxi- 
mately 1:1 mixture of the two diastereomers according to 
HPLC and was identical in its physical and chemical 
properties with the product from working example 2 . 

m.p.: from 190°C (with decomposition). 

Working example 6 

a- ( 2 , 2-Dimethylpropanoyloxy ) ethyl 7- [ 2- ( 2-aminothiazol- 
4-yl )-2-(Z ) -hydroxy imino-acetamido]-3-methoxymethyl-3- 
cephem-4-carboxylate toluenesulfonate 

A solution of 2.1 g (li mmol) of p-toluenesulfonic acid 
in 5 ml of acetone was added dropwise to a solution of 
5 g (9.3 mmol) of a-(2, 2-dimethylpropanoyloxy)ethyl 7-[2- 
( 2-aminothiazol-4-yl ) -2- ( Z ) -hydroxyimino-acetamido ] -3- 
methoxymethyl-3-cephem-4-carboxylate in 35 ml of acetone. 
After stirring briefly, a precipitate formed, which 
process was completed by slowly adding 250 ml of t-butyl 
methyl ether. After stirring for 15 minutes, the 
crystalline product was filtered off with suction, washed 
with a little t-butyl methyl ether and dried in vacuo 
over calcium chloride/paraffin. 4.6 g of the desired 
crystalline title compound were obtained, which consisted 
of an approximately 1:1 ratio of the two diastereomers 
and was identical in its physical and chemical properties 
with the product from working example 2. 

m.p.: from 190 e C (with decomposition). 
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE PROPERTY 
OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS* 

1. A crystalline cephem acid addition salt of the 
general formula II 

N-OH 

jt HjN o \ 3 (II) 

CO,CHOCC(CH-), 
2 I II 3 3 
I 0 

in which R stands for hydrogen or Cj-C 4 -alkyl and the 
group =N-OH is in the syn-position. 

2. Crystalline a- (2 , 2-Dimethylpropanoyloxy) ethyl 7- 
[2-( 2-aminothiazol-4 -yl) -2 - ( Z) -hydroxyimino- 
ace tamido] -3-methoxy-methyl -3-cephem-4 -carboxylate 
benzenesulf onate . 

3. Crystalline a- (2 , 2-Dimethylpropanoyloxy) ethyl 7- 
[2-( 2-aminothiazol-4 -yl) -2 - ( Z) -hydroxyimino- 
ace tamido ] -3-methoxy-me thyl -3 -cephem-4 -carboxyl ate 
toluenesul f onate . 

4. Crystalline a- (2 , 2-Dimethylpropanoyloxy) ethyl 7- 
[2-( 2-aminothiazol-4 -yl) -2 - ( Z) -hydroxyimino- 
ace tamido] -3-methoxy-methyl -3-cephem-4 -carboxylate 
p-ethylbenzenesulf onate . 



5. 



A process for the preparation of crystalline cephem 
acid addition salts of Q the general formula II 



R 2 0 I 

C0 2 CHOCC(CH 3 ) 3 

I O 



(II) 



CH 3 
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in which R stands for hydrogen or Ci-C^-alkyl and the 
group =N-OH is in the syn-position, which comprises 
reacting an amorphous cephem of the general formula 
I 



N-OH 



H 3 (I) 



H 2 N ^S' o' 

CO-CHOCCfCH,), 
I 0 
CH 3. 

with an acid of the general formula III 

,H (HI) 



R 

in which R stands for hydrogen or C a -C 4 -alkyl, in an 
organic solvent and allowing the acid addition salt 
to crystallize directly or by addition of another 
organic solvent or water* 

A pharmaceutical preparation effective against 
bacterial infections which comprises a cephem acid 
addition salt according to any one of claims 1 to 4 
and a diluent or excipient. 

A process for the preparation of pharmaceutical 
preparations effective against bacterial 
infections, wherein a cephem acid addition salt 
according to any one of claims 1 to 4 is brought 
into a suitable form for pharmaceutical 
administration using customary pharmaceutical 
excipients or diluents. 



8. 



The use of cephem acid addition salts according to 
any one of claims 1 to 4 for combating bacterial 
infections . 



